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DETAILED ACTION 
Claim Objections 

Claim 7 is objected to because of the following informalities: In line 8 of claim 7, 
"effect" should be changed to "affect." Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1, 2, and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Schaefer et al. (U.S. 6,723,250) in view of Moon et al. (U.S. 6,913,701). 

Regarding claim 1, Schaefer teaches a method of processing a wafer, the 
method comprising the steps of (column 1 , line 45 - column 2, line 18): 

• providing a semiconductor wafer (1 in Fig. 1); 

• forming first and second masking layers (25 and 24) on the first and 
second oppositely-disposed surfaces of the wafer; 

• etching the first and second masking layers to define first (25) and second 
(26) mask patterns, respectively, the first and second mask patterns 
exposing regions of the first and second surfaces of the wafer, the 
exposed regions comprising first and second exposed regions of the first 
wafer surface and first exposed regions of the second wafer surface, the 
first mask pattern masking third and fourth regions of the first, lower wafer 
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surface (area under masks 26 in Fig. 1) and the second mask pattern 
masking second regions of the second, upper surface of the wafer (area 
under mask 25 in Fig. 1), the fourth regions of the first wafer surface being 
aligned with the second regions of the second wafer surface (25 is aligned 
with the rightmost layer 26 in Fig. 1); 

• forming an oxide mask on the first and second exposed regions of the first 
and second wafer surfaces (27 in Fig. 1), the first and second mask 
patterns preventing the oxide mask from forming on the third and fourth 
regions of the first wafer surface and the second regions of the second 
wafer surface; 

• removing the first and second mask patterns to expose the third and fourth 
regions of the first wafer surface and the second regions of the second 
wafer surface (note removal of masking layers 25 and 26 in the fourth 
drawing from the top in Fig. 1); 

• etching the first, second, and third surface regions of the wafer, wherein 
etching of the first surface regions of the wafer produces recesses (28) in 
the first surface of the wafer and etching of the second and third surface 
regions of the wafer produces through-holes in the wafer (29); and then 

• removing the oxide mask to yield a wafer with multiple through-holes and 
recesses (only a part of the wafer is shown in Fig. 1 — column 1, lines 50- 
52). 
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Schaefer et al. does not teach forming a first and second oxide layer on 
oppositely-disposed first and second surfaces of the wafer, and therefore also does not 
teach removing the regions of the first and second oxide layers that are exposed when 
the masking layers 25 and 26 are removed. 

Moon et al. teaches a method of etching a recess in a silicon wafer using a 
silicon nitride masking layer to mask a localized oxidation (LOCOS) process that forms 
an oxide that is subsequently used to mask an etch. Before depositing the silicon nitride 
masking layer (88 in Fig. 19), Moon et al. forms a silicon oxide layer on the wafer 
surface (84 in Figs. 18-21, 22) and teaches that it is standard procedure to do so in a 
LOCOS process (column 23, lines 18-19). Moon et al. also teaches exposing the wafer 
by removing a portion of the silicon oxide layer beneath the silicon nitride mask after 
removing the silicon nitride mask (Fig. 22A shows both the silicon nitride mask and the 
underlying silicon oxide removed; column 24, lines 54-62) in order to use the LOCOS 
oxide as a mask to etch the wafer. 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to combine the teachings of Schaefer et al. and Moon et al. by 
using the method to process a wafer using a LOCOS oxide to mask an etch that 
produces a recess and a through hole as taught by Schaefer et al. and further growing 
an oxide layer beneath the silicon nitride masking layer and later removing this oxide 
layer in the regions beneath the masking pattern, as taught by Moon et al., to arrive at 
the invention as claimed in claim 1. The motivation for doing so at the time of the 
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invention would have been that it is standard procedure to do so in a LOCOS process, 
as expressly taught by Moon et al. 

The phrase "processing a cap wafer configured for mating with a device wafer in 
the production of a die package" has not been given patentable weight since it only 
appears in the claim preamble, and none of the process steps recited in the claim 
requires the wafer to be used in the production of a die package. 

Regarding claim 2, Schaefer et al. and Moon et al. together teach the method 
according to claim 1. Schaefer et al. further teaches that the first and second masking 
layers are formed of silicon nitride (column 1, lines 52-53). 

Regarding claim 6, Schaefer et al. and Moon et al. together teach the method 
according to claim 1. Schaefer et al. further teaches that the step of etching the first, 
second, and third surface regions of the wafer to produce the through-holes and the 
recesses is an anisotropic etch (column 2, lines 10-11). 

Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Schaefer 
et al. (U.S. 6,723,250) in view of Moon et al. (U.S. 6,913,701) as applied to claim 1 
above, and further in view of Wolf et al. (Silicon Processing for the VLSI Era, vol. 1, 
2000). 

Regarding claim 3, Schaefer et al. and Moon et al. together teach the method 
according to claim 1 (note 35 U.S.C. 103(a) rejection above). Moon et al. further 
teaches that the first and second oxide layers are silicon oxide layers, and Schaefer et 
al. and Moon et al. together further teach that the oxide mask is formed of silicon oxide 
grown by oxidizing the first and second exposed regions of the first oxide layer and the 
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second exposed region of the second oxide layer (Schaefer, column 2, lines 2-5, Fig. 1; 
Moon, column 23, lines 22-29; Fig. 20). Neither reference expressly teaches that the 
oxide is silicon dioxide. 

However, Wolf et al. teaches that silicon dioxide (Si0 2 ) is stable at high 
temperatures and adheres to silicon (pg. 265, first paragraph). Also, silicon exhibits a 
propensity to form Si0 2 as its stable oxide (pg. 268, last paragraph). 

Therefore, at the time of the invention, it would have been obvious for one of 
ordinary skill in the art to use the method taught by Schaefer et al. and Moon et al. 
together, and also taught by claim 1, and grow silicon dioxide as the first and second 
silicon oxide layers and the oxide masking layer, since Wolf et al. teaches that this is the 
form of silicon oxide that is chemically stable at high temperatures and adherent to the 
silicon, and is the one most likely to form in a thermal oxidation process. 

Claims 4 and 5 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Schaefer et al. (U.S. 6,723,250) in view of Moon et al. (U.S. 6,913,701) as applied to 
claim 1 above, and further in view of Okojie (U.S. 6,845,664). 

Regarding claims 4 and 5, Schaefer et al. and Moon et al. together teach the 
method according to claim 1 (note 35 U.S.C. 103(a) rejection above), but do not teach 
the step of mating the cap wafer with a device so that the recesses of the cap wafer 
define cavities enclosing micromachined elements on the device wafer, bonding the cap 
wafer to the device wafer to form a wafer stack, and then singulating die from the wafer 
stack to produce multiple device packages. They also do not teach that as a result of 
the mating step, the through-holes provide access to bond pads on the device wafer. 
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Okojie teaches enclosing micromachined elements of a device (sensor 
membrane 603 in Fig. 6) with a wafer comprising a recess (not labeled in Fig. 6; column 
12, lines 19-33) and a through-hole (412 in Fig. 6) including the steps of bonding the 
cap wafer to the device wafer to form a wafer stack (column 13, lines 19-37), and then 
singulating die from the wafer stack to produce multiple device packages (column 13, 
lines 38-42). As a result of the mating step, the through-holes provide access to bond 
pads on the device wafer (column 1 1 , lines 31-38). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to create a wafer using the method taught by Schaefer et al. and 
Moon et al. together, and use it to encapsulate a micromachined device element as 
taught by Okojie. The motivation for doing so at the time of the invention would have 
been that MEMS encapsulation is a known use in the art for a wafer etched with a 
recess and a through-hole, as Okojie demonstrates. 

Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Schaefer 
et al. (U.S. 6,723,250) in view of Moon et al. (U.S. 6,913,701) as applied to claim 1 
above, and further in view of applicant's admitted prior art (APA). 

Regarding claim 7, Schaefer et al. and Moon et al. together teach the method 
according to claim 1 (note 35 U.S.C. 103(a) rejection above). They do not expressly 
teach that a defect is present in at least one of the first and second mask patterns prior 
to the step of forming the oxide mask. 

However, APA teaches that in photolithographic process involving both surfaces 
of a wafer, such as the one taught by Schaefer et al. and Moon et al. together, the risk 
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of developing defects in the mask patterns is high (instant specification paragraph 
0004). 

Therefore, at the time of the invention, it would be obvious for one of ordinary 
skill in the art to use the method taught by Schaefer et al. and Moon et al. together, and 
also taught by claim 1, and further have defects presence in at least one of the first and 
second mask patterns prior to the step of forming the oxide mask, as taught is common 
by APA. The step of forming the oxide mask taught by Schaefer et al. and Moon et al. 
together would then result in oxide forming in the defect (Moon et al. teaches in column 
23, lines 46-53 that the silicon nitride mask itself oxidizes itself during the LOCOS 
process), and the step of etching the first, second, and third surface regions of the wafer 
will cause the oxide in the defect to be undercut so as not to affect the sizes and shapes 
of the through-holes or recesses formed in the first, second, and third surface regions of 
the wafer, as taught to be inherent in the instant specification (paragraph 0009— the 
method steps recited in this paragraph are the same as those taught by Schaefer et al. 
and Moon et al. together, see 35 U.S.C. 103(a) rejection of claim 1 above). 

Claims 8, 9, and 11 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Schaefer et al. (U.S. 6,723,250) in view of Moon et al. (U.S. 6,913,701) and Okojie 
(U.S. 6,845,664). 

Regarding claim 8, Schaefer et al. teaches a method of producing a device, the 
method comprising the steps of: 

• providing a semiconductor wafer (1 in Fig. 1); 
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• depositing first and second masking layers (25 and 24) on the first and 
second oppositely-disposed surfaces of the wafer; 

• etching the first and second masking layers to define first (25) and second 
(26) mask patterns, respectively, the first and second mask patterns 
exposing regions of the first and second surfaces of the wafer, the 
exposed regions comprising first and second exposed regions of the first 
wafer surface and first exposed regions of the second wafer surface, the 
first mask pattern masking third and fourth regions of the first, lower wafer 
surface (area under masks 26 in Fig. 1) and the second mask pattern 
masking second regions of the second, upper surface of the wafer (area 
under mask 25 in Fig. 1), the fourth regions of the first wafer surface being 
aligned with the second regions of the second wafer surface (25 is aligned 
with the rightmost layer 26 in Fig. 1); 

• growing an oxide mask on the first and second exposed regions of the first 
and second wafer surfaces (27 in Fig. 1), the first and second mask 
patterns preventing the oxide mask from forming on the third and fourth 
regions of the first wafer surface and the second regions of the second 
wafer surface; 

• removing the first and second mask patterns to expose the third and fourth 
regions of the first wafer surface and the second regions of the second 
wafer surface (note removal of masking layers 25 and 26 in the fourth 
drawing from the top in Fig. 1); 
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• etching the first, second, and third surface regions of the wafer, wherein 
etching of the first surface regions of the wafer produces recesses (28) in 
the first surface of the wafer and etching of the second and third surface 
regions of the wafer produces through-holes in the wafer (29); and then 
removing the oxide mask to yield a wafer with multiple through-holes and 
recesses (only a part of the wafer is shown in Fig. 1 — column 1, lines 50- 
52); and 

• removing the oxide mask to yield a wafer with multiple through-holes and 
recesses (Fig. 1 — only a portion of the wafer is shown- providing a 
semiconductor wafer (1 in Fig. 1); 

• forming first and second masking layers (25 and 24) on the first and 
second oppositely-disposed surfaces of the wafer; 

• etching the first and second masking layers to define first (25) and second 
(26) mask patterns, respectively, the first and second mask patterns 
exposing regions of the first and second surfaces of the wafer, the 
exposed regions comprising first and second exposed regions of the first 
wafer surface and first exposed regions of the second wafer surface, the 
first mask pattern masking third and fourth regions of the first, lower wafer 
surface (area under masks 26 in Fig. 1) and the second mask pattern 
masking second regions of the second, upper surface of the wafer (area 
under mask 25 in Fig. 1), the fourth regions of the first wafer surface being 
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aligned with the second regions of the second wafer surface (25 is aligned 
with the rightmost layer 26 in Fig. 1); 

• forming an oxide mask on the first and second exposed regions of the first 
and second wafer surfaces (27 in Fig. 1), the first and second mask 
patterns preventing the oxide mask from forming on the third and fourth 
regions of the first wafer surface and the second regions of the second 
wafer surface 

• removing the first and second mask patterns to expose the third and fourth 
regions of the first wafer surface and the second regions of the second 
wafer surface (note removal of masking layers 25 and 26 in the fourth 
drawing from the top in Fig. 1); 

• etching the first, second, and third surface regions of the wafer, wherein 
etching of the first surface regions of the wafer produces recesses (28) in 
the first surface of the wafer and etching of the second and third surface 
regions of the wafer produces through-holes in the wafer (29); and then 

• removing the oxide mask to yield a wafer with multiple through-holes and 
recesses (only a part of the wafer is shown in Fig. 1 — column 1, lines 50- 
52). 

Schaefer et al. does not teach forming a first and second oxide layer on 
oppositely-disposed first and second surfaces of the wafer, and therefore also does not 
teach removing the regions of the first and second oxide layers that are exposed when 
the masking layers 25 and 26 are removed. Schaefer et al. also does not teach mating 
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the cap wafer with a device wafer so that the recesses of the cap wafer define cavities 
enclosing micromachined elements on the device wafer and the through-holes provide 
access to bond pads on the device wafer, bonding the cap wafer to the device wafer to 
form a wafer stack, and then singulating die from the wafer stack to produce multiple 
device packages. 

Moon et al. teaches a method of etching a recess in a silicon wafer using a 
silicon nitride masking layer to mask a localized oxidation (LOCOS) process that forms 
an oxide that is subsequently used to mask an etch. Before depositing the silicon nitride 
masking layer (88 in Fig. 19), Moon et al. forms a silicon oxide layer on the wafer 
surface (84 in Figs. 18-21, 22) and teaches that it is standard procedure to do so in a 
LOCOS process (column 23, lines 18-19). Moon et al. also teaches exposing the wafer 
by removing a portion of the silicon oxide layer beneath the silicon nitride mask after 
removing the silicon nitride mask (Fig. 22A shows both the silicon nitride mask and the 
underlying silicon oxide removed; column 24, lines 54-62) in order to use the LOCOS 
oxide as a mask to etch the wafer. 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to combine the teachings of Schaefer et al. and Moon et al. by 
using the method to process a wafer using a LOCOS oxide to mask an etch that 
produces a recess and a through hole as taught by Schaefer et al. and further growing 
an oxide layer beneath the silicon nitride masking layer and later removing this oxide 
layer in the regions beneath the masking pattern, as taught by Moon et al., to arrive at 
the invention as claimed in claim 1. The motivation for doing so at the time of the 
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invention would have been that it is standard procedure to do so in a LOCOS process, 
as expressly taught by Moon et al. 

Further, Okojie teaches enclosing micromachined elements of a device (sensor 
membrane 603 in Fig. 6) with a wafer comprising a recess (not labeled in Fig. 6; column 
12, lines 19-33) and a through-hole (412 in Fig. 6) including the steps of bonding the 
cap wafer to the device wafer to form a wafer stack (column 13, lines 19-37), and then 
singulating die from the wafer stack to produce multiple device packages (column 13, 
lines 38-42). As a result of the mating step, the through-holes provide access to bond 
pads on the device wafer (column 1 1 , lines 31-38). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to create a wafer using the method taught by Schaefer et al. and 
Moon et al. together, and use it to encapsulate a micromachined device element as 
taught by Okojie. The motivation for doing so at the time of the invention would have 
been that MEMS encapsulation is a known use in the art for a wafer etched with a 
recess and a through-hole, as Okojie demonstrates. The resulting invention is a method 
of producing a MEMS device package as specified in claim 8. 

Regarding claim 9, Schaefer et al., Moon et al., and Okojie together teach the 
method according to claim 8. Schaefer et al. further teaches that the first and second 
masking layers are formed of silicon nitride (column 1, lines 52-53). 

Regarding claim 11, Schaefer et al., Moon et al., and Okojie together teach the 
method according to claim 8. Schaefer et al. further teaches that the step of etching the 
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first, second, and third surface regions of the wafer to produce the through-holes and 
the recesses is an anisotropic etch (column 2, lines 10-11). 

Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Schaefer et al. (U.S. 6,723,250) in view of Moon et al. (U.S. 6,913,701) and Okokie 
(U.S. 6,845,664) as applied to claim 1 above, and further in view of Wolf et al. (Silicon 
Processing for the VLSI Era, vol. 1, 2000). 

Regarding claim 10, Schaefer et al., Moon et al., and Okojie together teach the 
method according to claim 8 (note 35 U.S.C. 103(a) rejection above). Moon et al. further 
teaches that the first and second oxide layers are silicon oxide layers, and Schaefer et 
al. and Moon et al. together further teach that the oxide mask is formed of silicon oxide 
grown by oxidizing the first and second exposed regions of the first oxide layer and the 
second exposed region of the second oxide layer (Schaefer, column 2, lines 2-5, Fig. 1; 
Moon, column 23, lines 22-29; Fig. 20). None of the references expressly teaches that 
the oxide is silicon dioxide. 

However, Wolf et al. teaches that silicon dioxide (Si0 2 ) is stable at high 
temperatures and adheres to silicon (pg. 265, first paragraph). Also, silicon exhibits a 
propensity to form Si02 as its stable oxide (pg. 268, last paragraph). 

Therefore, at the time of the invention, it would have been obvious for one of 
ordinary skill in the art to use the method taught by Schaefer et al., Moon et al., and 
Okojie together, and also taught by claim 8, and grow silicon dioxide as the first and 
second silicon oxide layers and the oxide masking layer, since Wolf et al. teaches that 
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this is the form of silicon oxide that is chemically stable at high temperatures and 
adherent to the silicon, and is the one most likely to form in a thermal oxidation process. 

Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Schaefer et al. (U.S. 6,723,250) in view of Moon et al. (U.S. 6,913,701) and Okojie (U.S. 
6,845,664) as applied to claim 8 above, and further in view of applicant's admitted prior 
art (APA). 

Regarding claim 12, Schaefer et al., Moon et al., and Okojie together teach the 
method according to claim 8 (note 35 U.S.C. 103(a) rejection above). They do not 
expressly teach that a defect is present in at least one of the first and second mask 
patterns prior to the step of forming the oxide mask. 

However, APA teaches that in photolithographic process involving both surfaces 
of a wafer, such as the one taught by Schaefer et al., Moon et al., and Okojie together, 
the risk of developing defects in the mask patterns is high (instant specification 
paragraph 0004). 

Therefore, at the time of the invention, it would be obvious for one of ordinary 
skill in the art to use the method taught by Schaefer et al., Moon et al., and Okojie 
together, and also taught by claim 8, and further have defects presence in at least one 
of the first and second mask patterns prior to the step of forming the oxide mask, as 
taught is common by APA. The step of forming the oxide mask taught by Schaefer et al. 
and Moon et al. together would then result in oxide forming in the defect (Moon et al. 
teaches in column 23, lines 46-53 that the silicon nitride mask itself oxidizes itself during 
the LOCOS process), and the step of etching the first, second, and third surface regions 
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of the wafer will cause the oxide in the defect to be undercut so as not to affect the sizes 
and shapes of the through-holes or recesses formed in the first, second, and third 
surface regions of the wafer, as taught to be inherent in the instant specification 
(paragraph 0009 — the method steps recited in this paragraph are the same as those 
taught by Schaefer et al. and Moon et al. together, see 35 U.S.C. 103(a) rejection of 
claim 8 above). 
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